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Physical activity has been shown to be inversely associated with breast cancer recurrence
and survival. Although physical activity is known to decline with age, rates of change in
physical activity have not been well characterized in breast cancer patients and subgroups
with known disparities in breast cancer survival, especially inminorities, the elderly, and the
obese. We evaluated moderate and strenuous physical activity from high school through
diagnosis in 1,220 breast cancer patients, and from high school to recruitment in 935 con-
trols.We compared the proportion of patients and controls meeting the American Cancer
Society (ACS) guidelines for physical activity and differences in declines in level of physical
activity by race, age, and obesity. At diagnosis, only 33.2% of breast cancer patients met
the ACS physical activity guidelines. Only 13.2, 24.7, and 30.5% of African-American (AA),
obese, and older (≥65 years) patients met the guidelines, respectively. Controls showed
slightly higher rates, with 36.4% overall, 23.7% of AA, 29.0% of obese, and 32.4% of
older women meeting the guidelines. AA patients were less likely to meet guidelines com-
pared to White patients (p<0.0001). Obese patients were less likely to meet guidelines
compared to non-obese (p<0.0001).We found that both moderate and strenuous physical
activity declined after high school in patients and controls. AA patients reported steeper
declines in strenuous (p=0.0027), and total (p=0.0009) physical activity compared to
Whites. Obese patients reported steeper declines in total physical activity compared to
non-obese (p=0.022). Differences in average slopes of declines in physical activity were
not observed by age. Our results suggest that strategies and programs to encourage
women to maintain recommended levels of physical activity after high school are needed.
Furthermore, breast cancer patients, particularly AA and obese patients, should be targeted
to help reduce disparities.
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INTRODUCTION
Breast cancer is the most common cause of invasive cancer and
the second most common cause of cancer deaths in women in
the United States (US) (1). In 2014, the number of new cases is
estimated to be 232,670 with 40,000 deaths expected (1). Racial
disparities in breast cancer mortality have been noted since the
1980s, with African-Americans (AAs) having a lower incidence but
a higher 5-year mortality compared to non-Hispanic Whites (2).
Recent data indicate the age adjusted incidence of newly diagnosed
breast cancer to be about 127 per 100,000 in Non-Hispanic Whites,
compared to 118 per 100,000 in AAs. However, breast cancer mor-
tality rates are estimated to be 22.7 per 100,000 for Non-Hispanic
Whites and 30.8 per 100,000 for AAs (1). With earlier diagnosis
and better treatments, survival has been improving in all groups
of breast cancer patients. However, disparities still exist between
Abbreviations: ACS, American Cancer Society; BMI, body mass index; US, United
States.
AA and White women, with possible contributors including dif-
ferences in socioeconomic status (SES), access to health care,
especially screening and adjuvant therapy, and molecular and
pathologic mechanisms (3–6). In a recent, large, population-based
study using SEER Medicare data to examine racial differences in
breast cancer survival, Silber et al. (7) found that, after account-
ing for the effects of demographics, clinical presentation, and
treatment modalities, there remained a 4.4% 5-year survival dis-
parity, suggesting additional factors contribute to these disparities
in survival (7).
Lifestyle factors including obesity, exercise, sedentary activity,
and sleep have been shown to have a profound impact on the
incidence and survival of many types of cancer, including breast
cancer (8–14). While these factors clearly contribute to progno-
sis in breast cancer patients, their potential differences have not
received sufficient evaluation as a potential cause for AA–White
disparities in outcomes. However, breast cancer survivors who are
obese at diagnosis face poorer overall prognosis (15–18), and this
disparity appears to be independent of subtype of breast cancer
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(19). In addition, older breast cancer patients have lower survival
compared to younger patients (15).
A recent report from Europe found that decreased pre-
diagnostic physical activity in newly diagnosed patients with breast
cancer was associated with increased overall and breast cancer
specific mortality (20). In addition, a recent report from the US
showed that breast cancer survivors, in particular AA breast can-
cer survivors, are not meeting physical activity guidelines. We
therefore sought to determine what fraction of the patients were
meeting guidelines for physical activity among newly diagnosed
breast cancer patients in the US, and to see if decreases in physical
activity occur in association with breast cancer diagnosis, as a pre-
morbid condition, or if it occurs independently over a longer time
period. To evaluate the pre-diagnostic physical activity and tra-
jectories of physical activity over time of US patients with newly
diagnosed breast cancer, and to determine potential differences
in groups facing disparities (AA, obese, and older), we examined
moderate, strenuous, and total exercise levels in an epidemiolog-
ical study of 1,220 women newly diagnosed with breast cancer
and 935 women receiving a negative screening mammography
(controls) to determine how many were meeting guidelines. We
then assessed differences in physical activity levels and percent-
ages meeting guidelines among groups of patients with poorer
outcomes, specifically AA, older, and obese.
MATERIALS AND METHODS
STUDY POPULATION AND DATA COLLECTION
This study utilized data obtained from breast cancer patients par-
ticipating in an ongoing case–control study designed to identify
genetic and environmental factors of changes in mammographic
density over time, breast cancer risk, and prognosis after breast
cancer diagnosis (21). Breast cancer patients (N = 1,220) were
recruited from women diagnosed with ductal carcinoma in situ
or invasive breast cancer at University Hospitals Case Medical
Center (UHCMC), which serves Cleveland and all of Northeast
Ohio, from January 2007 through June 2013. Controls (N = 935)
were recruited from women undergoing routine screening mam-
mography at UHCMC during the same time frame. Because this
population was recruited to investigate genetic and lifestyle vari-
ants associated with risk of sporadic breast cancer as well as
changes in mammographic density over time, controls were eli-
gible if they obtained at least three screening mammograms prior
to enrollment and had not been diagnosed with any cancer. Breast
cancer patients were eligible if they were diagnosed within the
previous 3 years, obtained at least three screening mammograms
prior to diagnosis, and were not known carriers of a BRCA1 or
BRCA2 mutation. Of the eligible patients, 76% of cases and 69%
of controls agreed to participate in the study. Those that chose not
to participate did not differ with respect to age, race, or stage at
diagnosis (for cases) compared to those who enrolled (p> 0.05).
All patients were surveyed over the phone by a trained
research assistant for potential breast cancer risk factors. This
survey was based on the baseline questionnaire of the Cali-
fornia Teacher’s study (http://www.calteachersstudy.org/surveys/
BaselineL.pdf ), which includes questions on frequency of both
self-reported moderate and strenuous (as determined by the par-
ticipant) physical activity at five time points – high school, ages
18–24, 25–34, 35–44, 45–54, and the year prior to diagnosis (or the
year prior to study entry, for controls). For responses that included
ranges of hours per week, we took the midpoint of the range for
continuous analysis. We note that this questionnaire does not ask
about light intensity physical activity. For women younger than 45
(N = 40), physical activity during ages 45–54 years was coded as
missing, and for women younger than 35 (N = 1), physical activity
during ages 35–44 years was coded as missing. No women in this
study were younger than 25 years old. Total physical activity was
defined as the sum of moderate and strenuous physical activity.
Age was defined as age at diagnosis for cases and age at recruitment
for controls. Body mass index (BMI) was calculated based on self-
reported height and weight at diagnosis for cases or recruitment
for controls. Patients diagnosed at Stage 4 (N = 8) were excluded
from this analysis. Ethical approval for this study was approved
by the UHCMC Institutional Review Board. All patients provided
informed written consent.
The trajectories of change from high school to current were cal-
culated by calculating the average slope in physical activity for each
individual from high school to current, using moderate, strenuous,
and total (moderate plus strenuous).
To determine which groups of cancer patients and controls are
more or less likely to meet established physical activity guidelines,
as well as predictors of who were most likely to meet the guide-
lines, we used self-reported physical activity at diagnosis. Since
there are different recommendations for physical activity, we chose
to use the widely cited American Cancer Society (ACS guidelines)
(22). Each individual was defined as meeting the ACS guidelines
if she reported at least 1.25 h of strenuous activity per week or
2.5 h of combined strenuous and moderate physical activity per
week. These total hours of activity per week do not depend on the
number of days the activity occurred.
STATISTICAL ANALYSES
Mean physical activity was calculated for all cases and controls,
and also dichotomized by race (White and AA, other races were
excluded from this analysis due to very small numbers), obe-
sity (obese: current BMI ≥30 kg/m2; non-obese: current BMI
<30 kg/m2) at diagnosis for cases, and at recruitment for controls,
and age (younger: <65 years old; older: at least 65 years). A t -test
was used to compare age and BMI means, and a chi-square test
was used to compare race distribution between cases and controls.
A t -test was used to assess statistically significant differences in
the mean differences in physical activity hours between two com-
parison groups. Differences in proportions of groups of women
meeting guidelines were assess via a chi-square test. A t -test was
also used to compare differences in mean declines in physical activ-
ity between groups of study participants. In the case where equality
of variances was not observed in the two groups (p for equality
<0.05), a Satterthwaite t -test statistic was used instead. All missing
data was treated as missing and those patients were excluded from
subset analyses.
Predictors of meeting the ACS criteria for the guidelines were
assessed via a multivariable unconditional logistic regression using
age, race, stage at diagnosis, and BMI. Statistical significance was
set at a two-sided p-value ≤0.05. SAS Version 9.3 (SAS Institute,
Cary, NC, USA) was used for all statistical analyses.
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RESULTS
Demographic characteristics of the breast cancer patients and con-
trols are presented in Table 1. The control group contained a higher
proportion of AA subjects (26.1 vs. 13.3%, p< 0.0001), but were
not statistically different from cases in terms of age, BMI, or phys-
ical activity level (Table 1). Levels of moderate, strenuous, and
total physical activity were similar in both breast cancer patient
and control groups. There was a trend toward greater decrease
from high school to the present in moderate and total physical
activity among cases compared to controls; however, this did not
reach statistical significance (Table 1).
We subsequently evaluated the average amount of physical
activity at diagnosis in the different demographic groups of the
breast cancer patients, as well as the percentage of women in
each group achieving ACS physical activity guidelines at diagno-
sis. Table 2 shows the average hours of physical activity at time
of diagnosis in breast cancer patients for each of the groups and
the percentage of each of these groups achieving the guidelines.
Table 2 shows that among all 1,220 women with newly diagnosed
breast cancer, the average total physical activity was 2.39 h per
week, reaching 95.6% of the level recommended by the ACS.
However, despite this noteworthy achievement by the group as
a whole, the last column shows the disturbing result that only
33.2% of women in this study with newly diagnosed breast can-
cer met nationally recommended guidelines. Similarly, only 36%
of White women with newly diagnosed breast cancer met rec-
ommended exercise guidelines, even though the average for this
group, 2.57 h per week, slightly exceeded the guidelines. This is due
Table 1 | Characteristics of breast cancer case and control study population.
Cases (N =1,220) Controls (N =935) pa
Age (years), mean (SD) 58.2 (11.4) 56.8 (10.4) 0.0022
Current BMI (kg/m2), mean (SD) 28.3 (6.5) 28.4 (7.0) 0.69
Race, N (%) <0.0001
African-American 162 (13.3%) 243 (26.1%)
White 1039 (85.2%) 676 (72.5%)
Other 18 (1.5%) 14 (1.5%)
Current moderate physical activity (h/week), mean (SD) 1.7 (2.7) 1.8 (2.9) 0.40
Current strenuous physical activity (h/week), mean (SD) 0.7 (1.9) 0.8 (2.1) 0.32
Current totalb physical activity (h/week), mean (SD) 2.4 (3.6) 2.6 (3.7) 0.27
Average decline in moderate physical activity since high school (h/week), mean (SD) 0.8 (3.9) 0.5 (4.0) 0.089
Average decline in strenuous physical activity since high school (h/week), mean (SD) 1.5 (3.7) 1.4 (3.8) 0.53
Average decline in total physical activity since high school (h/week), mean (SD) 2.4 (5.8) 1.9 (5.9) 0.062
ap-Value for the univariate difference between cases and controls (t-test or chi-square).
bTotal physical activity is moderate plus strenuous.
Table 2 | Self-reported average hours of physical activity at diagnosis in breast cancer patients.
Activity type Strenuous Moderate Totala Percent women meeting
ACS Guidelinesb (%)
Recommended guidelines 1.25h/week 2.5 h/week 2.5 h/week
Mean (SD) Mean (SD) Mean (SD)
Everyone (N =1,220) 0.68 (1.87) 1.74 (2.74) 2.39 (3.61) 33.2
Whites (N =1,039) 0.74 (1.94) 1.84 (2.84) 2.57 (3.73) 36.0
African-Americans (N =162) 0.33 (1.39) 0.84 (1.79) 1.18 (2.43) 13.2
Age <65 years (N =840) 0.85 (2.14) 1.70 (2.73) 2.55 (3.81) 34.3
Age ≥65 years (N =374) 0.30 (0.92) 1.73 (2.77) 2.02 (3.08) 30.5
Not obese (BMI <30) (N =820) 0.83 (2.09) 1.89 (2.89) 2.72 (3.85) 37.3
Obese (BMI ≥30) (N =391) 0.36 (1.25) 1.34 (2.37) 1.69 (2.94) 24.7
Obese and age ≥65 years (N =125) 0.30 (0.98) 1.40 (2.47) 1.67 (2.90) 25.8
Obese and African-American (N =86) 0.19 (1.00) 0.76 (1.45) 0.96 (1.80) 11.8
African-American and age ≥65 years (N =47) 0.06 (0.22) 0.85 (1.57) 0.91 (1.66) 6.4
Obese, African-American, and age ≥65 years (N =20) 0.06 (0.22) 0.88 (1.44) 0.93 (1.64) 5.0
aTotal physical activity is strenuous plus moderate.
bRecommended physical activity by the American Cancer Society (www.cancer.org) is 1.25 h/week of strenuous exercise or 2.5 h of total moderate and strenuous
exercise, with a minimum of 2.5 h/week.
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to a skewed distribution with a relatively small number of women
who greatly exceeded the recommended guidelines, among the
White women in our sample, 16.8% reported at least 5 h of physical
activity per week, twice the recommended minimum. In contrast,
AA women with newly diagnosed breast cancer, as a group, showed
an average exercise time of 1.18 h per week or only 47% of the rec-
ommended 2.5 h per week. Moreover, only 13.2% of these women
achieved national guidelines. Further, older women,≥65, averaged
fewer hours, 2.2 h per week, compared to younger,<65, 2.56 h per
week and a smaller percentage, 30.5%, of older women compared
to 34.3% of younger women achieved recommended guidelines.
Obese patients on average achieved only 1.69 h, 67% of the recom-
mended hours. The goal of 2.5 total hours per week or 1.25 h of
strenuous activity was achieved by only 27.7% of obese patients.
Patients who fell into more than one of these lower physical activity
groups were even less likely to meet guidelines (Table 2). Patients
who were both older and AA only met the guidelines 6.4% of the
Table 3 | Predictors of meeting the American Cancer Society
Guidelines for physical activity.
Variable OR (95% CI) p
Age (years) 0.99 (0.98–1.00) 0.082
Race (Caucasian vs. African-American) 3.17 (1.92–5.21) <0.0001
Stage (compared to stage 0)
1 1.13 (0.80–1.61) 0.49
2 1.01 (0.67–1.48) 0.97
3 0.69 (0.40–1.22) 0.20
Body mass index (kg/m2) 0.96 (0.94–0.99)a 0.0011
Results of multivariable logistic regression.
aBody mass index treated as continuous, and this odds ratio is for each unit
increase in body mass index. Thus, for a 5 kg/m2 increase in BMI is associated
with an approximately 20% reduction in likelihood of meeting ACS guidelines.
time and only 5.0% of the patients who were older, obese, and AA
met the guidelines.
Table 3 shows the results of the multivariable logistic regression
for predictors of meeting the ACS guidelines. In this multivari-
able analysis, each kilograms per square meter increases in BMI
was associated with a 4% reduction in likelihood of meeting
the ACS guidelines (OR (per kg/m2)= 0.96, 95% CI= 0.94–0.99,
p= 0.0011). This means that for a 5 kg/m2 increase in BMI, equiv-
alent to going from normal weight to overweight, or overweight
to obese, is associated with an approximately 20% reduction in
likelihood of meeting ACS guidelines. Race was a strong predictor
of meeting the guidelines such that, compared to AAs, Caucasians
were over three times as likely to not meet the ACS guidelines
(OR= 3.17, 95% CI= 1.92–5.21, p< 0.0001) (Table 3). Neither
age (p= 0.082) nor stage at diagnosis (p= 0.31) was statistically
significant in the multivariable analyses for likelihood of reaching
the ACS physical activity guidelines.
Table 4 shows that although physical activity among control
women was slightly greater than patients with newly diagnosed
breast cancer, they were similar among the different groups.
Importantly, even among controls, AA, and obese women showed
the lowest percentage achieving national goals. Similar to patients,
control women who fell into more than one of the groups with
poorer outcomes were even less likely to meet guidelines. Com-
pared to the population as a whole, for which 36.4% of the women
met the guidelines, only 18.5% of those women who were at least
65 years old, obese, and AA met the guidelines.
We next examined average physical activity levels in high school
and the trajectory of change from high school to the time of
breast cancer diagnosis for cases or to time of recruitment for
controls. Figure 1 illustrates the average amount of physical activ-
ity for each group of women over time. On average, patients who
developed breast cancer reported 2.21 h (SD= 3.53) of strenu-
ous and 2.53 h (SD= 3.55) of moderate activity per week during
high school. Thus, on average, during high school, women well
Table 4 | Self-reported average hours of physical activity at recruitment among controls.
Activity type and recommended guidelines Strenuous Moderate Totala Percent women meeting
ACS guidelinesb (%)
Recommended guidelines 1.25h/week 2.5 h/week 2.5 h/week
Mean (SD) Mean (SD) Mean (SD)
Everyone (N =939) 0.76 (2.07) 1.81 (2.86) 2.56 (3.65) 36.4
Whites (N =676) 0.90 (2.24) 2.05 (3.06) 2.94 (3.99) 40.9
African-Americans (N =243) 0.41 (1.40) 1.11 (2.00) 1.52 (2.62) 23.7
Age <65 years (N =709) 0.88 (2.21) 1.85 (2.91) 2.71 (3.77) 37.7
Age ≥65 years (N =214) 0.34 (1.23) 1.66 (2.62) 2.00 (2.84) 32.4
Not obese (BMI <30) (N =628) 0.90 (2.20) 1.99 (3.04) 2.86 (3.85) 39.7
Obese (BMI ≥30) (N =301) 0.49 (1.73) 1.41 (2.32) 1.90 (3.06) 29.0
Obese and age ≥65 years (N =58) 0.35 (1.65) 1.09 (1.52) 1.44 (2.08) 24.1
Obese and African-American (N =125) 0.46 (1.65) 1.05 (1.73) 1.52 (2.64) 24.0
African-American and age ≥65 years (N =61) 0.14 (0.53) 1.33 (2.05) 1.47 (2.17) 24.6
Obese, African-American, and age ≥65 years (N =27) 0.15 (0.60) 1.19 (1.89) 1.34 (1.89) 18.5
aTotal physical activity is strenuous plus moderate.
bRecommended physical activity by the American Cancer Society (www.cancer.org) is 1.25 h/week of strenuous exercise or 2.5 h of total moderate and strenuous
exercise, with a minimum of 2.5 h/week.
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FIGURE 1 |Trajectories of physical activity levels. Average hours of total strenuous and moderate physical activity at different ages for all breast cancer
patients (left) and controls (right), including subsets of these women
exceeded the recommended guidelines for total hours of exercise.
In contrast, at the time of diagnosis, breast cancer patients reported
only 0.68 h (SD= 1.87) of strenuous and 1.70 h (SD= 2.74) of
moderate physical activity per week, which represents a decline of
33 and 69% in moderate and strenuous physical activity, respec-
tively, from high school. The average hours of activity were not
statistically significantly different between breast cancer patients
and controls at any time point (p> 0.05). Overall, women in all
subgroups showed a steady decline in physical activity between
high school and time of diagnosis (Figure 1), despite starting out
at high levels of moderate and strenuous activity in high school.
These declines were not statistically significantly different between
breast cancer patients and controls.
DISCUSSION
In this study, we found that declines in moderate and strenuous
physical activity from high school throughout adulthood are com-
mon among all women, such that, at the time of diagnosis, 2/3 of
breast cancer patients are not meeting ACS recommended guide-
lines. When repeating these analyses using the American College of
Sports Medicine recommended guidelines of 2.5 h of total moder-
ate and strenuous physical activity (irrespective of the proportion
of strenuous), very similar results were found (data not shown).
We identified steeper declines resulting in lower levels of physical
activity in demographic groups with poorer breast cancer out-
comes, specifically AAs and obese patients. These differential rates
of decline could, in part, contribute to the recent observation that
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all breast cancer survivors, but especially AA survivors, as a group,
do not meet ACS recommended guidelines after diagnosis (23).
Importantly, our studies show that this is a problem of a grad-
ual decline starting from time of leaving high school and that it
does not occur immediately pre-morbid, co-morbid, or associated
with new onset of breast cancer. Recent results from Europe also
demonstrate a decline in physical activity and exercise in women
following high school and lower levels in patients with breast can-
cer (24). Our report now demonstrates the high prevalence of this
problem in the United States as well. More importantly, our studies
indicate that, in the US, the decrease in exercise from high school
onward is a particular problem in AA and obese women.
Although exercise has been shown to be feasible in breast can-
cer patients and to have salutary effects, including improvement
in quality of life, increased adherence to therapeutic regimens
and improved survival (25–28), the low levels of physical activ-
ity shown by both cases and controls as well as the continuous
decrease from high school on, suggests a compelling need to pro-
mote regular exercise programs and their associated benefits to all
women from the time they leave high school, into and throughout
their adulthood. Our data further suggest the need for clinical trials
to determine whether increased exercise will contribute to reduc-
ing disparities in breast cancer outcomes among these groups of
patients with established poorer outcomes. Moreover, it is impor-
tant to increase physical activity following diagnosis of breast
cancer, since, even in patient populations that had been sedentary
prior to diagnosis, increased activity has been shown to improve
outcomes. In particular, Bernstein et al. (29) showed that lifetime
recreational activity was associated with a reduced risk of breast
cancer in a large study of both White and AA women, and that
the protective effect was similar in both racial groups. It is also
noteworthy that while recent studies have demonstrated the feasi-
bility and benefits of physical activity, including both aerobic and
resistance exercise, interventions in recently diagnosed breast can-
cer patients (26, 28, 30–34). Most of these studies have focused on
White and non-elderly patients.
Our study has a number of strengths and limitations. The
major strengths include the large samples size and available data
from high school through diagnosis or time of recruitment. The
weaknesses include the self-reported nature of the physical activ-
ity included in this study as well as the retrospective nature of
this study, which could lend itself to potential biases in the recall,
particularly at times such as during high school, which the average
woman in our study had to recall after several decades. While most
patients in the study were recruited within 6 months of diagnosis,
patients remained eligible for recruitment up to 3 years following
diagnosis. To see if this was likely to bias recall of physical activ-
ity, we evaluated average self-reported physical activity among the
patients recruited within 6 months (N = 631) compared to those
recruited more than 2 years post diagnosis (N = 160). They did
not differ in their self-reported moderate (p= 0.062), strenuous
(p= 0.67), or total physical activity (p= 0.87). In addition, we
chose to use a simple slope of the change in physical activity from
high school to diagnosis for cases and recruitment for controls. We
felt that this change in physical activity is readily interpretable as
the reduction of average hours of physical activity per week. There
are other ways to analyze differences in trajectories of change over
time, including fitting splines and non-linear trends, which may
show differences in trajectories of change at various time points
during the patients adulthood that might be of interest as well,
and should be explored in future studies.
Since physical activity is a modifiable lifestyle behavior, it is crit-
ical that oncologists and institutions treating patients with breast
cancer develop strategies to encourage patients to increase their
activity levels, and also that facilities and trained personnel are
available to guide and support these patients. This is particularly
important for AA and obese patients, as these patients, on average,
both have the lowest physical activity levels and the least favorable
prognosis. In fact, increased physical activity in AAs who have low-
est levels of physical activity or worst prognosis might be able to
contribute significant improvements in prognosis and thus reduce
current disparities.
CONCLUSION
In conclusion,our results show that both breast cancer patients and
US women in general, have significantly reduced their strenuous
and moderate physical activity since high school. These declines
are particularly pronounced among AAs and obese women, and
newly diagnosed breast cancer patients in these groups are less
likely to meet ACS physical activity guidelines. Since these are also
patient populations with disparities in outcomes, increasing phys-
ical activity among these women may help reduce disparities and
improve prognosis in these subgroups. The observation that phys-
ical activity declines gradually from high school in controls as well
as in breast cancer patients suggests that strategies and programs
to help maintain recommended physical activity levels after high
school in all women are needed.
AUTHOR CONTRIBUTIONS
Cheryl L. Thompson is co-PI of study population from which the
samples were drawn, assisted with the development of the study
design, performed all statistical analyses and led the manuscript
preparation. Cynthia Owusu and Nora L. Nock contributed to the
study design. Li Li is co-PI of study population from which the
samples were drawn. Nathan A. Berger developed the initial study
design. All authors assisted with critical manuscript development
and review and approved the final manuscript.
ACKNOWLEDGMENTS
This work was supported by the National Cancer Institute (grant
numbers U54 CA116867 to Nathan A. Berger, K07 CA136758 to
Cheryl L. Thompson, K07 CA129162 to Nora L. Nock, and R03
CA143917 to Li Li) and the Case Comprehensive Cancer Center
(P30 CA043703).
REFERENCES
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.CACancer J Clin (2013)
63(1):11–30. doi:10.3322/caac.21166
2. DeSantis C, Siegel R, Bandi P, Jemal A. Breast cancer statistics, 2011. CA Cancer
J Clin (2011) 61(6):409–18. doi:10.3322/caac.20134
3. Ademuyiwa FO, Edge SB, Erwin DO, Orom H, Ambrosone CB, Underwood W
III. Breast cancer racial disparities: unanswered questions. Cancer Res (2011)
71(3):640–4. doi:10.1158/0008-5472.CAN-10-3021
4. Bigby J, Holmes MD. Disparities across the breast cancer continuum. Cancer
Causes Control (2005) 16(1):35–44. doi:10.1007/s10552-004-1263-1
Frontiers in Public Health | Epidemiology September 2014 | Volume 2 | Article 150 | 6
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thompson et al. Exercise declines and disparities in breast cancer
5. Cunningham JE, Walters CA, Hill EG, Ford ME, Barker-Elamin T, Bennett CL.
Mind the gap: racial differences in breast cancer incidence and biologic pheno-
type, but not stage, among low-income women participating in a government-
funded screening program. Breast Cancer Res Treat (2013) 137(2):589–98.
doi:10.1007/s10549-012-2305-0
6. Demicheli R, Retsky MW, Hrushesky WJ, Baum M, Gukas ID, Jatoi I. Racial dis-
parities in breast cancer outcome: insights into host-tumor interactions. Cancer
(2007) 110(9):1880–8. doi:10.1002/cncr.22998
7. Silber JH, Rosenbaum PR, Clark AS, Giantonio BJ, Ross RN, Teng Y, et al. Char-
acteristics associated with differences in survival among black and white women
with breast cancer. JAMA (2013) 310(4):389–97. doi:10.1001/jama.2013.8272
8. Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evidence
and proposed mechanisms. Nat Rev Cancer (2004) 4(8):579–91. doi:10.1038/
nrc1408
9. Thompson CL, Larkin EK, Patel S, Berger NA, Redline S, Li L. Short dura-
tion of sleep increases risk of colorectal adenoma. Cancer (2011) 117(4):841–7.
doi:10.1002/cncr.25507
10. Thompson CL, Li L. Association of sleep duration and breast cancer Onco-
typeDX recurrence score. Breast Cancer Res Treat (2012) 134(3):1291–5.
doi:10.1007/s10549-012-2144-z
11. Clague J, Bernstein L. Physical activity and cancer. Curr Oncol Rep (2012)
14(6):550–8. doi:10.1007/s11912-012-0265-5
12. Bernstein L, Patel AV, Ursin G, Sullivan-Halley J, Press MF, Deapen D, et al.
Lifetime recreational exercise activity and breast cancer risk among black women
and white women. J Natl Cancer Inst (2005) 97(22):1671–9. doi:10.1093/jnci/
dji374
13. Friedenreich CM. Physical activity and breast cancer: review of the epidemi-
ologic evidence and biologic mechanisms. Recent Results Cancer Res (2011)
188:125–39. doi:10.1007/978-3-642-10858-7_11
14. Basen-Engquist K, Chang M. Obesity and cancer risk: recent review and evi-
dence. Curr Oncol Rep (2011) 13(1):71–6. doi:10.1007/s11912-010-0139-7
15. Chang SH, Pollack LM, Colditz GA. Obesity, mortality, and life years lost
associated with breast cancer in nonsmoking US Women, National Health Inter-
view Survey, 1997-2000. Prev Chronic Dis (2013) 10:E186. doi:10.5888/pcd10.
130112
16. Xing P, Li JG, Jin F, Zhao TT, Liu Q, Dong HT, et al. Prognostic significance
of body mass index in breast cancer patients with hormone receptor-positive
tumours after curative surgery. Clin Invest Med (2013) 36(6):E297–305.
17. Schmitz KH, Neuhouser ML, Agurs-Collins T, Zanetti KA, Cadmus-Bertram
L, Dean LT, et al. Impact of obesity on cancer survivorship and the potential
relevance of race and ethnicity. J Natl Cancer Inst (2013) 105(18):1344–54.
doi:10.1093/jnci/djt223
18. Protani M, Coory M, Martin JH. Effect of obesity on survival of women with
breast cancer: systematic review and meta-analysis. Breast Cancer Res Treat
(2010) 123(3):627–35. doi:10.1007/s10549-010-0990-0
19. Pajares B, Pollan M, Martin M, Mackey JR, Lluch A, Gavila J, et al. Obesity and
survival in operable breast cancer patients treated with adjuvant anthracyclines
and taxanes according to pathological subtypes: a pooled analysis. Breast Cancer
Res (2013) 15(6):R105. doi:10.1186/bcr3572
20. Schmidt ME, Chang-Claude J, Vrieling A, Seibold P, Heinz J, Obi N, et al.
Association of pre-diagnosis physical activity with recurrence and mortal-
ity among women with breast cancer. Int J Cancer (2013) 133(6):1431–40.
doi:10.1002/ijc.28130
21. Khawaja A, Rao S, Li L, Thompson CL. Sleep Duration and Breast Cancer Phe-
notype. J Cancer Epidemiol. (2013) 2013:467927. doi:10.1155/2013/467927
22. Kushi LH, Byers T, Doyle C, Bandera EV, McCullough M, McTiernan A, et al.
American Cancer Society Guidelines on nutrition and physical activity for can-
cer prevention: reducing the risk of cancer with healthy food choices and physical
activity. CA Cancer J Clin (2006) 56(5):254–81. doi:10.3322/canjclin.56.5.254
23. Hair BY, Hayes S, Tse CK, Bell MB, Olshan AF. Racial differences in physical activ-
ity among breast cancer survivors: implications for breast cancer care. Cancer
(2014) 120(14):2174–82. doi:10.1002/cncr.28630
24. Huy SM, Flesh-Janys D, Chang-Claude J, Steindorf K. Is there a need for phys-
ical activity interventions in German breast cancer patients? Findings from the
MARIE/MARIEplus study. Presented as Abstract at Exercise, Energy Balance and
Cancer. Heidelberg (2010).
25. Smith AW, Alfano CM, Reeve BB, Irwin ML, Bernstein L, Baumgartner K, et al.
Race/ethnicity, physical activity, and quality of life in breast cancer survivors.
Cancer Epidemiol Biomarkers Prev (2009) 18(2):656–63. doi:10.1158/1055-9965.
EPI-08-0352
26. Courneya KS, Tamburrini AL,Woolcott CG, McNeely ML, Karvinen KH, Camp-
bell KL, et al. The Alberta physical activity and breast cancer prevention trial:
quality of life outcomes. Prev Med (2011) 52(1):26–32. doi:10.1016/j.ypmed.
2010.10.014
27. Mosher CE, Sloane R, Morey MC, Snyder DC, Cohen HJ, Miller PE, et al. Asso-
ciations between lifestyle factors and quality of life among older long-term
breast, prostate, and colorectal cancer survivors. Cancer (2009) 115(17):4001–9.
doi:10.1002/cncr.24436
28. Morey MC, Snyder DC, Sloane R, Cohen HJ, Peterson B, Hartman TJ, et al.
Effects of home-based diet and exercise on functional outcomes among older,
overweight long-term cancer survivors: RENEW: a randomized controlled trial.
JAMA (2009) 301(18):1883–91. doi:10.1001/jama.2009.643
29. Irwin ML, McTiernan A, Manson JE, Thomson CA, Sternfeld B, Stefanick ML,
et al. Physical activity and survival in postmenopausal women with breast can-
cer: results from the women’s health initiative. Cancer Prev Res (Phila) (2011)
4(4):522–9. doi:10.1158/1940-6207.CAPR-10-0295
30. Arikawa AY, Thomas W, Schmitz KH, Kurzer MS. Sixteen weeks of exercise
reduces C-reactive protein levels in young women. Med Sci Sports Exerc (2011)
43(6):1002–9. doi:10.1249/MSS.0b013e3182059eda
31. Irwin ML, Varma K, Alvarez-Reeves M, Cadmus L, Wiley A, Chung GG, et al.
Randomized controlled trial of aerobic exercise on insulin and insulin-like
growth factors in breast cancer survivors: the Yale Exercise and Survivorship
study. Cancer Epidemiol Biomarkers Prev (2009) 18(1):306–13. doi:10.1158/
1055-9965.EPI-08-0531
32. Schmitz KH, Ahmed RL, Troxel AB, Cheville A, Lewis-Grant L, Smith R, et al.
Weight lifting for women at risk for breast cancer-related lymphedema: a ran-
domized trial. JAMA (2010) 304(24):2699–705. doi:10.1001/jama.2010.1837
33. Reding KW, Lampe JW, Wang CY, Stanczyk FZ, Ulrich CM, Xiao L, et al. A
12-month moderate-intensity exercise intervention does not alter serum pro-
lactin concentrations. Cancer Epidemiol (2011) 35(6):569–73. doi:10.1016/j.
canep.2011.01.006
34. Ligibel JA, Giobbie-Hurder A, Olenczuk D, Campbell N, Salinardi T, Winer EP,
et al. Impact of a mixed strength and endurance exercise intervention on levels
of adiponectin, high molecular weight adiponectin and leptin in breast can-
cer survivors. Cancer Causes Control (2009) 20(8):1523–8. doi:10.1007/s10552-
009-9358-3
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 10 July 2014; paper pending published: 29 July 2014; accepted: 04 September
2014; published online: 19 September 2014.
Citation: Thompson CL, Owusu C, Nock NL, Li L and Berger NA (2014) Race, age,
and obesity disparities in adult physical activity levels in breast cancer patients and
controls. Front. Public Health 2:150. doi: 10.3389/fpubh.2014.00150
This article was submitted to Epidemiology, a section of the journal Frontiers in Public
Health.
Copyright © 2014 Thompson, Owusu, Nock, Li and Berger . This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
www.frontiersin.org September 2014 | Volume 2 | Article 150 | 7
